Banana peels are well recognized as a source of important bioactive compounds, such as phenolics, carotenoids, biogenic amines, among others. As such, they have recently started to be used for industrial purposes. However, its composition seems to be strongly affected by biotic or abiotic ecological factors. Thus, this study aimed to investigate banana peels chemical composition, not only to get insights on eventual metabolic changes caused by the seasons, in southern Brazil, but also to identify the most relevant metabolites for these processes. To achieve this, a Nuclear magnetic resonance (NMR)-based metabolic profiling strategy was adopted, followed by chemometrics analysis, using the specmine package for the R environment, and metabolite identification. The results showed that the metabolomic approach adopted allowed identifying a series of primary and secondary metabolites in the aqueous extracts investigated. Besides, over the seasons the metabolic profiles of the banana peels showed to contain biologically active compounds relevant to the skin wound healing process, indicating the biotechnological potential of that raw material.
Introduction
Musa is a genus, part of the Musaceae family, that includes dessert bananas and plantains. Bananas are one of the leading fruit crops as source of energy worldwide and mainly for people living in the humid tropical regions [1] , [2] . In this scenario, Brazil is one of the top producers of banana in the world [2] .
Traditionally, bananas are known as source of bioactive compounds able to promote wound healing, mainly from burns, and to help overcome or prevent illnesses such as depression [3] , [4] .
Although biologically active compounds typically occur in small quantities in plant biomasses [5] , bananas have been recognized as a source of important pharmacologically-active compounds.
These compounds include phenolics, such as gallic acid and derivatives [6] , which are secondary metabolites needed for normal cell growth and development [7] . Indeed, phenolic compounds are bioactive compounds known for their health benefits [8] as they have antioxidant properties and important biological effects, such as antibacterial and antiviral, vasodilatory, and protection against ultra-violet radiation, among others [7] , [8] . Phenolics are beneficial to human health, due to their antioxidant and chelating properties, and antimutagenic and antitumoral effects [1] . However, in excess, they can limit the bioavailability of proteins, in the gastrointestinal tract [7] .
Carotenoids, such as β-carotene and xanthophylls [9] , are accessory pigments in photosynthesis and have been claimed to cause immune-enhancement and reduction of the risk of developing degenerative diseases, for instance [10] , [11] , [12] . Besides, pro-vitamin A carotenoids such as α-and β-carotene and β-cryptoxanthin are relevant constituents of the diet in less favoured populations in certain countries in south hemisphere [13] . In bananas, carotenoids are usually found in higher concentrations in the peel than in the pulp [14] .
Biogenic amines, such as dopamine (DOPA) and L-3, 4 dihydroxyphenylalanine (L-DOPA), play an important role as neurotransmitters in the hormonal regulation of the glycogen metabolism in mammals [15] , [16] .
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Moreover, DOPA, present in both banana pulp and peel, can be used to prevent or treat the Parkinson's neurodegenerative disease [1] .
Other bioactive compounds found in bananas include anthocyanins (delphinidin and cyaniding [17] ), catechins (gallocatechin and epigallocatechnin [18] ), and sterols and triterpenes, such as β-sitosterol, stigmasterol, campesterol, and 24-methylene cycloartanol [19] .
Unlike the pulp, banana peels, the main residual biomass of the processing industry, are normally used for animal feeding, as organic fertilizers or simply discarded [20] . The latter can cause serious environmental problems, as this product is a rich source of nutrients, like nitrogen and phosphorus, that can lead to imbalances in the soil and aquatic environments where they are discarded [21] . However, banana peels, which represent about 30 % of the fruit, have recently started to be used for industrial purposes. Depending on the technology employed, they can be used either as ingredients for products with therapeutic activity, as functional compounds in human nutrition, prevention and health care [1] .
The use of banana peels for industrial purposes depends on its chemical composition, a trait strongly affected by climatic factors, orchard manage practices, genotype, and harvest time, among others.
In this context, this study investigated the banana peels chemical composition over the seasons in Southern Brazil, aiming to gain insights regarding eventual metabolic changes occurring along the harvest times of that fruit. For that, it was adopted a typical NMR-based metabolic profiling strategy coupled to metabolite identification and chemometrics tools, including both univariate (analysis of variance) and multivariate (principal component analysis and clustering) statistical analysis.
Materials and Methods

Data Collection
Chemicals
Ultra-pure water was obtained through a reverse-osmosis system (Permution E-10, Curitiba, Brazil). The deuterated solvent D2O was purchased from TediaBrazil (Rio de Janeiro, Brazil) and 3-trimethylsilyl propionic-2, 2, 3, 3-d4 acid sodium salt (98 atom % D -TSP) and deuterium chloride solution (35 wt.% in D2O, 99 atom % D) were obtained from Sigma-Aldrich (Saint Louis, MO, USA).
Samples
Thirteen banana peels samples were collected from an agro-ecologically managed orchard, in Biguaçú County The producing region is characterized for well-marked seasons. The sampled biomass was collected from ripe fruits, showing a yellow colour throughout the peel. Fruits were washed in tap water and the peels immediately immersed into liquid N 2 to guarantee the metabolic quenching. Further aqueous extracts (AE) of the banana peels were obtained as described in Pereira, 2014 [22] and lyophilized.
1D-NMR Spectroscopy
Lyophilized AEs were added of 700 μL D2O, containing 0.024 g % of 3-trimethylsilyl propionic-2, 2, 3, 3-d4 acid sodium salt (98 atom % D -TSP) as internal standard, vortexed (3×), and centrifuged (4000 rpm/10 min), followed by recovering the supernatant (650 μL) and transferring it to 5 mm-NMR tubes. The pH of the samples was adjusted to 3.45 with a deuterium chloride solution (35 wt.% in D2O, 99 atom % D). The unidimensional NMR spectra ( 1 H-NMR) were recorded in a Varian Inova 500 MHz NMR spectrometer and the chemical shifts (δ, ppm) were referenced to the TSP peak at δ( 1 H) 0.00 ppm. Data acquisition used a Dell workstation and the VNMRJ software, running on Windows 7 platform. Briefly, 1 H-NMR spectra acquisition parameters were as follows: 300 K, no spinning, spectral window 5995.7 Hz, acquisition time 4 s, complex points 32,983, scans 32, steady state 4, receiver gain 10, relaxation delay 6 s, observe pulse 8.18 us at a power compression 59/0.98, mixing time 100 ms for saturation of water (δ = 4.87 ppm, Watergate pulse), and digital resolution ±0.08657 Hz.
Data Processing
The 1 H-NMR spectra were processed using the ACD/NMR processor software (advanced chemistry development, release 12.0) consisting of zero filling, Fourier transforming the 32 K data points, and automatically phased (Ph0 and Ph1). The baseline was manually corrected and all spectra referenced to the internal standard (TSP, 1 H -0.00 ppm). The spectroscopy information of interest was exported as a .csv file containing a matrix with the chemical shifts ( 1 H pmm) and a peak intensity list. Typical resonance regions of the water and internal standard (TSP) signals removed from the dataset for further analysis. Further, each 1 H-NMR spectrum was processed using a routine implemented in the R language [23] through the package specmine [24] . Peak alignment grouped proximal peaks together according to their position using a moving window of 0.03 ppm. Peaks of the same group were aligned to their median positions across all samples. Also, missing value imputation was done filling with a constant value of 0.0005, and data pre-processing further contemplated log transformation and auto-scaling.
Chemometrics Analysis
The metadata considered in this study were the seasons of collection. However, as it was only possible to obtain one sample for the summer period, only three seasons were considered for data analysis. The season variable was therefore assigned as spring for samples from September and October (years 2010 and 2011) and November-2010; as summer/autumn for the samples from February, March, April and May-2011; and, finally, as winter for the June-2011, July-2010/2011 and August-2011 samples.
The chemometrics analysis was executed using the R specmine package. The analysis started with one-way analysis of variance (ANOVA) to test the difference in means between the metadata groups for each one of the seasons. Then, multivariate statistical analysis was performed, starting with hierarchical clustering, using an Euclidean distance between samples and complete linkage clustering, to evaluate how close samples are inside each season and between seasons. The former parameter was chosen because it tends to find compact clusters of approximately equal diameters and does not force clusters together due to single elements being close to each other, like in single linkage clustering. After that, K-means clustering was performed, by separating the samples in three or four groups, to observe if samples would be well grouped according to their seasons, either by the three seasons considered or by the four actual seasons. Finally, the analysis was followed by principal components analysis (PCA).
Metabolite Identification
To perform the identification of the metabolites present in the samples, firstly a code developed by the authors in R for the clustering of peaks, according to their correlation, was used based on the methods proposed in [25] . Each obtained cluster is considered a potential metabolite, as it can be assumed that peaks coming from the same molecule, showing similar behaviour across all samples and, therefore, correlate strongly with each other.
After this each cluster was compared with each reference metabolite, using the Jaccard index score. The Jaccard index is used to compare the similarity between sets, as it is defined by the division of the size of intersection by the size of the union of the sets. A peak tolerance of 0.03 ppm was used, as in [25] it showed to be the best threshold value to use with the reference metabolites from the database used, mentioned below.
To construct the library of reference metabolites for this study, the XML spectra files from the Human Metabolome Database (HMDB) [26] , version 3.6, were downloaded and parsed. Only the metabolites whose spectra files were acquired using the 1 H-NMR technique, with a frequency of 500 MHz, were used as reference. For each cluster, the top five reference metabolites with the best score were obtained. Additionally, metabolite identification was performed by visual inspection of the resonances both in unidimensioal ( 1 H-NMR) and bidimensional ( 1 H/ 1 H, TOCSY and 1 H/ 13 C, HSQC) NMR spectra.
Supplementary Material
The data used in the analysis, together with the reports generated using R Markdown are all given in supplementary material available in the URL: http://darwin.di.uminho.pt/pacbb2017/banana-nmr. This allows for the results to be understood in detail and fully reproducible.
Results and Discussion
Chemometrics Analysis
Starting our analysis of the results by observing the spectral profiles obtained for each sample collected, we could see that the samples have, approximately, the same peaks. When constructing the mean 1 H-NMR spectra for each group considered (Figure 1) , we observed that the peaks did not vary much between seasons. Despite this, the intensity of some peaks varied. Thus, although the banana samples collected seems to have the same metabolites, their concentrations vary from season to season. Looking at the hierarchical clustering performed, shown in Figure 2 , the samples were grouped in the considered seasons quite well. The samples from winter grouped very closely, except for the sample from July 2011, that was closer to the samples from May 2011 (summer/autumn) and September 2011 (spring). Adding this, the other three winter samples seem to be closer to the samples from April 2011, from summer/autumn and October 2011, spring, than these samples are to their groups. Furthermore, the spring samples were also well grouped, apart from the already mentioned ones from September 2011 and October 2011. On the contrary, the summer/autumn group revealed to be the most difficult one to group, not just regarding the summer sample in comparison to the autumn samples, but also between the autumn samples analysed. Another clustering method performed was K-means clustering. Two executions of this method were performed, one grouping the samples into three groups and the other into four. The results from both these approaches are present in Table 1 . Table 1 : K-means clusters for clustering into three groups (K = 3) and into four groups (K = 4). When performing K-means clustering, all winter samples were grouped together, along with the sample from October 2011 (spring). This was an expected result, after analysing the previous results from the hierarchical clustering. The samples from May 2011 and September 2011 were also grouped together in one of the clusters. This similarity was also previously observed in the hierarchical clustering.
K-means
When performing K-means clustering to separate samples in three different groups, the remaining summer/autumn and spring samples were grouped together. This is a result that could be expected, as autumn and spring are two seasons that normally might show similar climate conditions in southern Brazil. Furthermore, the difference for the K-means clustering for four different groups lies on the separation of this last cluster into two clusters: February 2011 and March 2011 form a separate cluster from the other samples.
Some of these inconsistencies in separating the samples in the right groups may be due to abnormal climatic conditions from the months in question. In fact, according to CPTEC/INPE (Center for Weather Forecasting and Climate Research/National Institute of Space Research) (http://clima1.cptec.inpe.br/monitoramentobrasil/pt) in October 2011 were recorded abnormally lower precipitation, while the months of June and July showed abnormally higher precipitation, revealing values very similar, which are not typical. Therefore, this might have been one of the factors to why October 2011, a spring sample, was grouped closer to the winter samples in both clustering methods.
Looking at the results from ANOVA, few were the peaks that showed a low corrected p-value, i.e. few peaks showed to have intensity means significantly different across samples from different seasons. The p-values were corrected by using the false discovery rate (FDR) method. After this correction, three peaks showed a corrected p-value below 0.1, as it can be observed in Table 2 . The first column contains the considered peaks, the second one the respective corrected p-value, and the final column the result of the Tukey's test, which consists on the pair of groups that were significantly different in terms of means for each peak.
Furthermore, all peaks have means significantly different between the pairs of groups spring and winter, and summer/autumn and winter. Only the peak at 1.89 ppm showed a mean significantly different between summer/autumn and spring. This seems to corroborate some observations taken from the previous analysis performed i.e. the winter and spring samples are the ones that are better distinguished, and the summer/autumn samples are not so well distinguished from the spring samples. The three peaks occur in the aliphatic (1.89 ppm) and anomeric (4.01 and 4.05 ppm) regions of the 1 H-NMR spectrum.
On the other hand, the PCA analysis showed that the first three components generated led to a cumulative explanation of more than 50 % of the data variability, as it can be seen in Figure 3 . Only the first component is already able to explain more than 20 % of the data variability. By further observing the pairs plot generated by these first three components (Figure 4) , we can realize that PC1 allows the distinction of the winter and spring groups from summer/autumn, while PC2 leads to the distinction of the groups spring and summer/autumn from winter, and the PC3 discriminates the winter and summer/autumn seasons from spring. 
Identified Metabolites and their Relevance
Metabolite identification was performed through a code developed in R language by the authors. According to their correlations, peaks were clustered and each set of peaks grouped has been considered a metabolite, as they come from the same molecule. Further, by comparing the clustered peaks with resonances of reference metabolites using the Jaccard index score, twenty-three metabolites have been detected as shown in Table 3 . None of the three peaks that revealed the lowest corrected p-value in the ANOVA analysis were found in a cluster. Because the code is developed so that only clusters with two or more related peaks are taken into consideration, this could mean that each one of these peaks belongs to metabolites whose spectra is only composed by one peak. In fact, after submitting each of these peaks to HMDB, the peak 1.89 matched, with a ppm tolerance of 0.03, with the peak of the acetic acid spectra (1.91 ppm). For the other two peaks, 4.05 and 4.01, the best match found was β-D-fructose (4.08 ppm, m, 3-CH; 4.05 ppm, m, 5-CH) as previously described [27] . However, the correlation between these two peaks was not considered enough, as the optimum correlation value calculated by the code (value that leads to the greater number of clusters) that two peaks have to have, at least, is 0.9, and their correlation was lower. Thus, those resonances have been tentatively assigned do that monosaccharide.
Taking into account a biochemical approach, the polar fraction of the banana peel metabolome recovered by the aqueous extracts revealed to be a chemically complex matrix, containing a series of distinct primary and secondary metabolites, e.g. carbohydrates and derivatives (sugar alcohols, e.g.), amino acids, nitrogenous bases, organic and phenolic acids, vitamin B6 (pyridoxine), and polyamines. Since the number of identified compounds allow one discussing several biochemical relevant issues to, e.g. nutritional, agronomic and phar-macological areas, in line with previous studies of our research group [1] , [22] , focus will be put on the metabolites with claimed effects on the wound healing process of cutaneous tissues. Thus, banana peels collected over the seasons in southern Brazil contain important bioactive compounds of interest to human health. In fact, in the Brazilian folk medicine banana peel has a history of utility to promote wound healing when used topically [1] , [3] .
An important class of biologically active molecules in banana peels are the phenolic compounds. In the present study, NMR spectroscopy coupled to bioinformatics tools have been able to detect caffeic acid (3, 4-dihydroxycinnamic acid), 4-hydroxybenzoic acid and syringic acid (3, 5-dimethoxybenzoic acid) in the aqueous extracts investigated. The former is originated from the mevolanate-shikimate biosynthesis pathways as the benzoic acids are produced via the loss of a two-carbon moiety from phenylpropanoids. These phenolic compounds possess antioxidant activity and anti-inflammatory properties, as well as are cytotoxic toward certain tumor cell lines [28] . Caffeic acid, for instance, is recognized as a potent antioxidant due to the delocalization of an unpaired electron caused by the extended conjugated side chain. Besides, its o-dihydroxyl group forms a hydrogen bond, which creates a more stable configuration after breaking the O-H bond [29] .
Another class of secondary metabolites found in bananas are the natural amines. At least fifteen bioactive amines and derivatives haven been identified in bananas so far. Among these, the polyamines spermidine, spermine and putrescine are commonly found, being spermidine as herein shown the prevalent one, followed by its precursor putrescine [30] . These are secondary metabolites with well-known metabolic and physiological functions on the growth and development of plants, as well as presenting neuroactive, psychoactive and vasoactive effects in mammals. Importantly, polyamines are required in higher contents during periods of wound healing and post-surgery recovery [31] what could explain in certain extension the positive effects found by our research group in using standardized aqueous extracts of banana peels in the wound healing of mechanically damage-cutaneous tissue of isogenic Balb/C mice -Mus muscullus [22] . In fact, arginine, a dibasic amino acid and its metabolites nitric oxide, proline and polyamines (spermidine, spermine and putrescine, e.g.) are quite important in wound healing, affecting all phases of the process. Through the arginase pathway, L-ornithine, proline and polyamines are produced, the latter directly stimulating cell proliferation [31] and favouring the regeneration of damaged tissues. Besides, more recently, it has been shown that expression levels of heparan sulphate in human skin and wounded tissues of mouse are well correlated with polyamine contents [32] .
Finally, vitamin B6 is a long known to play a critical role in protein metabolism. All the three forms of that water-soluble vitamin, i.e. pyridoxine, pyridoxal and pyridoxamine occur in the human body, being stable under acidic conditions [33] . Regarding the effect of pyridoxine on the skin wound healing process, studies have shown in rats that upon deficiency a decrease in the content, synthesis and maturation of the skin collagen is found, with negative effects on the healing of excision and incision wounds [34] .
Conclusion
The results revealed that the distinction of the banana peels metabolic composition according to the seasons is possible, mostly due to the peak intensity, i.e. the concentrations of the metabolites across the different seasons. This distinction is more noticeable in the winter and spring groups, as these were the ones that better grouped in both cluster analysis and showed more significant differences in means regarding the ANOVA analysis. Furthermore, the PCA analysis revealed that it is only necessary three principal components to explain more than 50 % of the data variability.
These results show that the different conditions of the seasons can, in fact, influence the composition of the banana peels. The NMR-based metabolomic analytical strategy herein shown seems to be capable of identifying the chemical heterogeneity of banana peels over the harvest seasons, allowing to obtain standardized extracts for further industrial applications. Finally, as regards to metabolite identification a series of primary and secondary metabolites has been detected, shading some light on the chemical complexity of the aqueous extracts investigated. As herein shown, one could easily determine through the metabolomic approach adopted the potential of banana peels as source of active compounds on the skin wound healing (e.g.) upon the effects of seasoning. However, it must be taken into consideration that the metabolite identification pipeline adopted does not consider the clusters only composed by one peak. Therefore, some valuable information may have been lost, as there are many metabolites whose spectra only has one peak. Further analysis on this topic should be done. Furthermore, as the peaks intensities seem to be the main aspect that changes according to the seasons, further analysis on the calculation of concentrations of the identified metabolites should be taken into account as well.
